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Abstract
Objective To investigate the association between nonoc-
cupational physical activity and the risk of ovarian cancer
among post-menopausal women.
Methods The Netherlands Cohort Study on Diet and
Cancer consists of 62,573 women aged 55–69 years at
baseline. Information regarding baseline nonoccupational
physical activity and history of sports activity was col-
lected with a self-administered questionnaire in 1986. After
11.3 years of follow-up, 252 cases of invasive epithelial
ovarian cancer were available for case–cohort analysis.
Results In multivariate analysis and compared to women
who spent less than 30 min per day on physical activity,
the rate ratios (RRs) of ovarian cancer for women who
spent up to 60, 90 and >90 min per day were 0.78, 0.86 and
0.72, respectively (95% confidence interval (CI) for the top
category, 0.48–1.06; p-trend, 0.15). Women who spent
more than 2 h per week on recreational biking and walking
had a reduced risk of ovarian cancer (RR = 0.65; 95% CI:
0.41–1.01) compared to women who never participated in
recreational biking or walking.
Conclusions These data suggest a modest inverse asso-
ciation between moderate physical activity and ovarian
cancer risk. Vigorous physical activity was not associated
with ovarian cancer risk.
Keywords Ovarian neoplasms Æ Cohort studies Æ
The Netherlands Æ Exercise Æ Physical activity
Introduction
Ovarian cancer ranks as the fifth most common malignancy
among women in Europe with approximately 34,500 newly
diagnosed ovarian cancer cases in 1998 [1]. The highest rates
are found in Scandinavia, Eastern Europe and North America,
while the lowest rates are reported in Africa and Japan [2].
So far, relatively little is known about the etiology of
epithelial ovarian cancer. The most consistent risk factor
for ovarian cancer is family history of ovarian cancer,
while parity and the use of oral contraceptives are associ-
ated with a reduced risk of ovarian cancer [2, 3].
Ovarian cancer is a hormone-related cancer and shares
several risk factors with breast and endometrial cancer,
although not always in the same direction. Several studies
have found that increased physical activity is associated
with a decreased risk of breast cancer and endometrial
cancer [4–6]. However, previous studies relating physical
activity and ovarian cancer risk yielded inconsistent find-
ings. Six case–control studies reported a negative associ-
ation between physical activity and the risk for ovarian
cancer [7–12], while one study among female teachers did
not find an association [13]. Case–control studies, however,
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are more vulnerable to bias, especially recall bias. Two
prospective cohort studies found a significant increased risk
for ovarian cancer risk when specifically vigorous physical
activity was present [14, 15]. Another prospective cohort
study suggested an inverse association between total
physical activity and ovarian cancer risk, however this was
not statistically significant [16].
Several mechanisms have been formulated on the role of
physical activity in reducing risk for epithelial ovarian
cancer. Physical activity may decrease the number of
ovulations and damage to epithelial tissue, and thus, would
protect against the risk for ovarian cancer [17]. Moderate
levels of physical activity may lengthen ovulatory cycles
and therefore decrease lifetime exposure to endogenous
estrogens and the number of ovulations [18]. It has been
argued that the ovarian surface epithelium is an androgen-
responsive tissue and that androgens can cause an increase
in proliferation and a decrease in cell death [19]. Physical
activity leads to reduced body fat which is associated with
a lower production of extraglandular estrogen and andro-
gen production [20–22]. Also, it has been proposed that
physical activity might protect against ovarian cancer due
to alterations in prostaglandin levels that may reduce
ovarian epithelial inflammation [23]. Furthermore, physical
activity may enhance the immune system by improving the
capacity and number of killer cells [24]. However, frequent
vigorous physical activity increases the level of circulating
gonadotropines which may promote tumorgenesis in the
ovary [25].
In this study, a prospective cohort study with a relatively
large number of cases, we examine the effects of fre-
quency, duration and intensity of different types of non-
occupational physical activity on the risk of ovarian cancer
among post-menopausal women in the Netherlands.
Materials and methods
The cohort
This study is part of an ongoing prospective cohort study
on diet and cancer, the Netherlands Cohort Study (NLCS)
among 62,573 women aged 55–69 years at baseline.
Baseline exposure data were collected by a mailed self-
administered questionnaire in September 1986 [5, 26].
Questions were asked about dietary habits and other risk
factors for cancer. The study was designed as a case–cohort
study, using all cases and a random sample of 2589 women
from the cohort (subcohort), who have been followed for
estimation of the accumulated person-years in the entire
cohort [27]. This design has been chosen because of
efficiency reasons; in a case–cohort design only the
questionnaires of cases and subcohort members have to be
processed and follow-up for person years can be restricted
to the subcohort [26]. The cohort study had been approved
by the Medical Ethical Committee of the University Hos-
pital Maastricht/Maastricht University.
Follow-up
Incident cancer cases occurring in the total cohort have
been identified by record linkage to The Netherlands can-
cer registry and the nationwide pathology register (PAL-
GA). The method of record linkage has been described
elsewhere [28]. The completeness of cancer follow-up was
estimated to be at least 96% [29], and no subcohort
members were lost to follow-up. After 11.3 years of fol-
low-up (September 1986 to December 1997), 278 incident
primary epithelial ovarian cancer cases were available for
analysis after exclusion of prevalent cancer cases at base-
line other than non-melanoma skin cancer, of borderline
invasive (n=9), non-epithelial ovarian cancer cases (n=9)
and cases with missing information on physical activity
(n=4). In the subcohort, prevalent cancer cases at baseline
other than non-melanoma skin cancer (n=151), as well as
women who had an ovariectomy (n=32) and women with
missing information on physical activity (n=53) were ex-
cluded, leaving 2353 subcohort members for analysis.
Questionnaire
In this paper we use the term ‘‘nonoccupational physical
activity’’ to cover both recreational physical activity and
the physical activity (e.g., walking and biking) involved in
getting to and from work, to go shopping and to walk the
dog. Occupational physical activity was not calculated,
since most women of this generation had not held a job or
had worked for only a short period of time, mostly in the
distant past.
The questionnaire included two detailed questions on
frequency, duration and type of current nonoccupational
physical activity as well as history of sports participation.
Baseline nonoccupational physical activity was assessed by
three subquestions. First, we asked respondents how many
minutes per day (on average) they did spend on physical
activity related to transportation (like shopping, walking
with the dog, biking to work). Then, frequency and dura-
tion of nonoccupational activities in hours per week was
assessed, like gardening/doing odd jobs, biking/walking
and sport/gymnastics. Possible answers were never, less
than 1 h, 1–2 h or more than 2 h per week. We recoded
these answers in 0, 0.5, 1.5 and 2.5 h per week, respec-
tively, and added the time spent on these activities
(including daily biking/walking for transportation) up to an
overall measure (minutes per day). Finally, respondents
could indicate which type of sport they were currently
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performing. With respect to history of sports participation,
we wanted to know what type of sport the respondent
conducted, whether the respondent was active in a com-
petition, how many hours per week (including training
hours), and the duration of this sport in years. In total,
respondents could describe three sports.
Data analysis
Distribution of the baseline nonoccupational physical
activity and history of sports participation were compared
for ovarian cancer cases and subcohort women. The fol-
lowing potential confounders were identified in literature
and in our previous analyses [3, 6, 30, 31]: age (years),
age at menarche (years), age at menopause (years), height
(cm), body mass index (BMI, kg/m2), alcohol intake (g/
day), parity (number of children), age at first child
(years), family history of breast and/or ovarian cancer
(yes versus no), use of oral anti-conceptives (ever versus
never), hysterectomy (yes versus no), use of post-meno-
pausal hormones (ever versus never), and smoking (ever
versus never). Variables associated both with the risk for
ovarian cancer and with physical activity, and that
changed the rate ratios of physical activity with more than
ten percent after inclusion in the analysis, were included
in the multivariable analysis as confounders.
Rate ratios (RR) and corresponding 95% confidence
intervals (CI) for ovarian cancer were estimated in Cox
proportional hazard models using 2001 Stata statistical
software (release 7; Stata Corporation, College Station,
Texas), after testing the proportional hazards assumption
using scaled Schoenfeld residuals [32]. For subcohort
members, person-time was calculated as the difference
between the start of the follow-up period untill either date
of death, date of emigration, date of ovarian cancer diag-
nosis or if none of the previously mentioned events oc-
curred: the end date of the follow-up (31 December 1997).
Cases, outside the subcohort, did not contribute to the
person-time in the analysis. However, as the statistical
model cannot calculate a person-time of zero, a negligible
person-time of 0.0001 years was used for these cases.
Standard errors were estimated using the robust Huber-
White sandwich estimators to account for additional vari-
ance introduced by sampling person-time from the cohort
[33]. Because preclinical disease might have influenced
physical activity level, we repeated the multivariable
analyses after excluding cases occurring in the first year of
follow-up. Subgroup analyses on physical activity were
conducted to evaluate potential interaction of use of oral
anticonceptives, BMI, energy intake, and parity by total
baseline nonoccupational physical activity, and history of
sports. Energy-intake was calculated from the food
frequency questionnaire using the computerized Dutch
Food Composition table [34]. For these subgroup analyses
energy intake was divided into quintiles and BMI into the
categories normal weight ( < 25 kg/m2), overweight
Table 1 Distribution of potential confounders (mean and standard deviation or proportion) for baseline nonoccupational activity and history of
sport participation among subcohort members in the Netherlands Cohort Study, 1986–1997
Baseline nonoccupational physical activity (min/day):
Mean (SD)a or percentage
History of sport
participation:











Age (years) 62.1 (4.3) 61.5 (4.4) 61.2 (4.1) 61.1 (4.1)b 61.7 (4.3) 61.2 (4.2)b
Age menarche (years) 13.6 (1.7) 13.8 (1.7) 13.7 (1.7) 13.7 (1.9) 13.7 (1.8) 13.6 (1.8)
Age menopause (years) 48.1 (4.6) 48.8 (4.4) 48.7 (4.5) 49.0 (4.6)b 48.5 (4.6) 48.9 (4.4)
Height (cm) 164.8 (6.4) 165.4 (6.4) 165.2 (6.1) 165.1 (5.9) 164.8 (6.3) 165.6 (6.1)b
BMI at baseline (kg/m2) 25.6 (3.8) 25.0 (3.5) 25.0 (3.5) 24.8 (3.2)b 25.3 (3.6) 24.9 (3.5)b
Energy-intake at baseline (kcal/day) 1638 (402) 1713 (405) 1684 (380) 1708 (398)b 1678 (391) 1697 (407)
Alcohol at baseline (g/day) 4.9 (8.8) 6.0 (9.2) 6.2 (9.2) 6.1 (10.6) 4.9 (8.8) 6.8 (10.1)b
Number of children 2.9 (2.4) 2.9 (2.3) 2.8 (2.1) 2.7 (2.0) 3.0 (2.4) 2.6 (1.9)b
Age first birth (years) 21.5 (11.2) 22.1 (11.1) 22.3 (10.9) 22.3 (10.7) 21.8 (11.0) 22.4 (11.0)
Family history of breast or
ovarian cancer (% yes)
8.6 9.0 8.1 9.4 9.0 8.4
Use of oral contraceptives (% ever) 20.8 24.3 24.6 28.6 21.1 28.4
Hysterectomy (% yes) 13.3 15.2 15.4 13.3 15.0 13.5
Use of postmenopausal
hormones (% ever)
12.6 12.8 10.3 12.4 11.2 13.4
Current cigarette smoking (% yes) 21.6 18.5 25.2 20.6b 19.6 23.4b
a SD, Standard deviation; BMI, body mass index
b p < 0.05 (analysis of variance or chi-square)
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(25– < 30 kg/m2) and obese (30 kg/m2 and more). To ob-
tain p values for dose-response trends, we fitted ordinal
exposure variables as continuous terms. Two-sided p val-
ues are reported throughout the paper.
Results
In total, 278 cases of epithelial ovarian cancer were re-
corded in the Netherlands Cohort study after 11.3 years of
follow-up. Cases spent, on average, less time on physical
activity per day than women in the subcohort. With regard
to sport history, cases were found to have a slightly lower
sport participation in the past than subcohort members.
Cases with a history of sport participation spent more hours
on sport than subcohort members with a history of sport
participation.
Women in the subcohort who spent more than 90 min
per day on nonoccupational activity at baseline, had their
menopause at an older age, a higher energy intake, and a
lower BMI than women who were active less than 30 min
per day (see Table 1). Women, who reported to ever have
been engaged in a sport, were on average taller, had a
lower BMI, drank more alcohol per day and had fewer
children than women who never participated in any sport.
Only the variables age, height, parity, the use of oral
anticonceptives, and BMI appeared to be both risk factors
for ovarian cancer as well as associated with physical
activity. These variables were included as confounders in
the subsequent multivariable analyses. For 252 cases and
2213 subcohort members information was available for all
confounders.
For overall physical activity at baseline, we found in
multivariable analyses that women who spent 30–60 min,
60–90 min, or more than 90 min per day on physical
activity had a RR of 0.78 (95% CI: 0.55, 1.09), 0.86 (95%
CI: 0.60, 1.24), and 0.72 (95% CI: 0.48, 1.06), respec-
tively, compared to women who spent less than half-an-
hour per day (see Table 2). The p for trend was 0.15.
When looking at specific types of nonoccupational
activities performed at baseline, we found that recrea-
tional biking and walking showed an inverse association
with the risk of ovarian cancer. Women who walked or
biked more than 2 h per week had a multivariable ad-
justed RR of 0.65 (95% CI: 0.52, 1.01), compared to
women who never did this activity (p for trend, 0.05).
Biking and walking to work, shopping and/or walking the
dog was associated with statistically non-significant de-
creased risk (p for trend, 0.17). Gardening/doing odd jobs
and sports/exercise were not associated with ovarian
cancer risk.
For history of sports participation, we did not find an
association with ovarian cancer risk. Women who ever
participated in sports had a rate ratio of 1.01 (95% CI: 0.77,
1.31) compared to women who were never active in sports.
When looking at the number of hours sport per week, we
did find increased risks, although not statistically signifi-
cant (p for trend, 0.52). Duration of sports participation in
years was not associated with the risk of ovarian cancer (p
for trend, 0.82).
When excluding cases diagnosed within the first year
of follow-up, the rate ratios for physical activity and
ovarian cancer did not differ substantially from the rate
ratios including the first year of follow-up (results not
shown).
Furthermore, we studied the interaction of other risk
factors, such as use of oral anticonceptives, age, height,
parity, and BMI on the association of physical activity
(nonoccupational physical activity at baseline as well as
sport history) and the risk of ovarian cancer (data not
shown). No interaction was found.
Discussion
This prospective cohort study investigated the effect of
frequency, duration and intensity of different types of
physical activity on the risk of ovarian cancer among post-
menopausal women in the Netherlands. In this cohort, we
found no overall statistically significant association be-
tween nonoccupational physical activity and ovarian can-
cer risk, although the results suggest a modestly decreased
risk of ovarian cancer for moderate physical activity.
The design of a prospective cohort study, like the NLCS,
limits the possibility for selection bias. Selection bias is
unlikely in our study due to the high completeness of fol-
low-up of cases and person-years of the subcohort in the
NLCS [29].
Assessing physical activity in epidemiological studies is
difficult and various definitions and methods of measure-
ment were used [35]. This may explain partly inconsis-
tencies in results of studies on physical activity and ovarian
cancer risk. Nonoccupational physical activity was re-
ported by the respondents at baseline. It is conceivable that
the physical activity of the participants changed during
follow-up, resulting in bias that most likely lead to an
attenuation of the risk ratios.
Baseline nonoccupational physical activity was mea-
sured by several aspects of habitual relatively recent
physical activity such as gardening/doing odd jobs, bik-
ing/walking as leisure-time activity as well as for
transportation (shopping, to and from work, walking the
dog), and participating in sports/gymnastics. As an
indicator of physical activity in the past, we limited
ourselves to intensity and duration of performed sports in
the past. We assume, however, that the baseline physical
112 Cancer Causes and Control (2006) 17:109–115
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activity will be an indicator also of physical activity in
the past. Previous studies within the NLCS [5, 6] did
find an inverse relation of physical activity and breast
and endometrial cancer which is in agreement with a
recent overview [4] and this is an indication that the
questions used in this study are capable to measure
physical activity adequately.
So far, few studies investigated the specific effect of
biking or walking on cancer risk. A German study found
that specifically biking and walking for transportation was
significantly associated with a reduced risk for breast
cancer. It was argued that the effect of biking and walking
was stronger because these activities may be recalled better
than other less frequently performed activities [35]. This
Table 2 Rate ratios (RR) and




Cohort Study on Diet and
Cancer, 1986–1997
a RR, rate ratio; CI, confidence
interval. Rate ratios are given
for cohort members with
complete information on all
confounders (252 cases and
2213 subcohort members)
b Rate ratios multivariable
adjusted for age at baseline
(years), height (cm), parity
(number of children), age at first
child (years), use of oral
anticonceptives (ever versus
never), and BMI (kg/m2)
No. of cases/No. of
persons-years in
the subcohort
Age adjusted analyses Multivariable ad-
justed analyses
RRa 95% CIa RRb 95% CI
Baseline nonoccupational physical activity
Total (in min/day)
< 30 min/day 78/6030 1 Reference 1 Reference
30– < 60 min/day 76/7395 0.78 0.56, 1.10 0.78 0.55, 1.09
60–90 min/day 57/5286 0.87 0.60, 1.25 0.86 0.60, 1.24
>90 min/day 44/5001 0.71 0.48, 1.05 0.72 0.48, 1.06
p trend=0.15 p trend=0.15
Biking/walking (to work, shopping, and/or walking the dog)
< 10 min/day 87/7491 1 Reference 1 Reference
10- < 30 min/day 79/6696 1.04 0.76, 1.44 1.07 0.78, 1.49
30- < 60 min/day 59/6575 0.80 0.56, 1.13 0.80 0.56, 1.13
>60 min/day 27/2950 0.82 0.52, 1.29 0.83 0.52, 1.31
p trend=0.17 p trend=0.17
Biking/walking (recreational)
Never 31/2049 1 Reference 1 Reference
< 1 h/week 68/5834 0.77 0.50, 1.18 0.80 0.51, 1.27
1–2 h/week 78/7727 0.67 0.44, 1.01 0.66 0.42, 1.04
>2 h/week 75/8103 0.63 0.42, 0.96 0.65 0.41, 1.01
p trend=0.03 p trend=0.05
Gardening/doing odd jobs
Never 103/9264 1 Reference 1 Reference
< 1 h/week 43/4364 0.92 0.64, 1.31 0.95 0.65, 1.39
1–2 h/week 53/4828 1.01 0.72, 1.40 1.00 0.70, 1.42
>2 h/week 53/5257 0.93 0.67, 1.29 0.92 0.65, 1.31
p trend=0.76 p trend= 0.72
Sports/exercise
Never 179/15669 1 Reference 1 Reference
< 1 h/week 24/3143 0.67 0.44, 1.03 0.70 0.45, 1.10
1–2 h/week 34/3481 0.88 0.61, 1.27 0.92 0.62, 1.36
>2 h/week 15/1419 0.98 0.58, 1.66 1.07 0.61, 1.87
p trend=0.86 p trend=0.70
History of sports participation
Never 141/13269 1 Reference 1 Reference
Ever 111/10443 1.02 0.80, 1.31 1.01 0.77, 1.31
No. of hours of sport per week
< 1 h/week 13/2037 1 Reference 1 Reference
1–2 h/week 30/2340 2.00 1.04, 3.84 2.01 1.02, 3.99
2–3 h/week 13/1347 1.48 0.69, 3.20 1.44 0.65, 3.23
3–5 h/week 14/1649 1.30 0.61, 2.77 1.25 0.56, 2.77
>5 h/week 33/2712 1.90 1.00, 3.61 1.71 0.86, 3.39
p trend=0.27 p trend=0.52
Duration of sports participation (years)
1–10 yrs 53/5205 1 Reference 1 Reference
11–20 yrs 24/2021 1.16 0.72, 1.89 1.13 0.67, 1.91
21–30 yrs 8/862 0.91 0.43, 1.92 0.90 0.41, 1.97
31–40 yrs 9/611 1.41 0.70, 2.87 1.36 0.63, 2.95
>40 yrs 9/809 1.06 0.52, 2.15 0.97 0.45, 2.09
p trend=0.63 p trend=0.82
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type of recall bias may have influenced our findings as well
and may explain why we observed a protective effect for
biking and walking specifically. Biking either for trans-
portation or for leisure time is very common in the Neth-
erlands [36].
Our findings are consistent with the results of six case–
control studies [7–12], and one prospective cohort that
suggested a negative association [16]. One study had
measured occupational physical activity only [7], three
studies had measured both recreational and occupational
physical activity [9, 11, 12]; while the other studies only
had measured recreational physical activity. Results are
difficult to compare because of differences in question-
naires, but also because cultural differences between pop-
ulations with respect to physical activity in daily life. Two
prospective studies found that particularly vigorous phys-
ical activity increased the risk of ovarian cancer among
post-menopausal women [14, 15]. In these studies risks
were especially increased after more than four times per
week vigorous sports activity [14] and for women with a
score of 20–30 MET h/week [15]. In the Canadian case–
control study [12] moderate physical activity was associ-
ated with a decreased risk of ovarian cancer, while vigor-
ous physical activity was not. Other studies did not report
differences between vigorous and moderate physical
activity and risk of ovarian cancer [10, 11, 16]. In our
study, we found inverse associations between biking and
walking and ovarian cancer risk for post-menopausal wo-
men. This suggests that moderate physical activity of
longer duration may reduce ovarian cancer risk.
It has been suggested that occupational and nonoccu-
pational physical activity may be inversely associated and
therefore occupational activity may confound studies of
nonoccupational exercise. Women who have physically
demanding jobs or tasks may have less energy for recrea-
tion than those who have more sedentary jobs [10, 15].
One case–control study found that specifically occupa-
tional physical activity was inversely associated with ovarian
cancer risk [9]. A Finnish retrospective cohort study found
no significant difference in ovarian cancer risk between
physical education teachers and language teachers [13]. We
did not study occupational physical activity in relation to the
risk of ovarian cancer. In fact, the occupational history of
women in the birth cohorts that were recruited for the NLCS
tends to be limited. Before the 1960s, Dutch women usually
stopped working after marriage or childbirth, so the occu-
pational activity of many women (other than activities as a
housewife) in this cohort was of short duration and/or took
place long ago. The association between occupational
physical activity and ovarian cancer can thus not be studied
accurately in this population of Dutch women.
Another investigation within the NLCS found a signif-
icant positive association between height (and to a lesser
extent body mass) and ovarian cancer incidence [30]. It
has been suggested that height acts as a biomarker for an
increased exposure to sex hormone and insulin-like growth
factors [37, 38]. Physical activity during childhood may
affect weight gain as well as hormone levels and insulin-
like growth factors associated with an increased cancer
risk. The age at which increased physical activity may
optimally protect is unknown [39]. Further study on the
effect of frequency and duration of both moderate physical
activity and vigorous physical activity in premenopausal
and post-menopausal women as well as the effect of
changes in physical activity exposure is warranted.
In conclusion, we found a suggestion of an inverse asso-
ciation between moderate nonoccupational physical activity
and ovarian cancer risk. Vigorous physical activity is not
associated with ovarian cancer risk. Our findings support the
hypothesis that regular moderate physical activity may
reduce ovarian cancer risk among post-menopausal women.
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